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Abstract
Almirante Bay is a lagoonal body of water off the western Caribbean coast of Panama.
The islands within the bay are popular tourist destinations, drawing visitors from around the
world to explore beaches and coral reefs. However, the reefs in Almirante Bay are continually
exposed to both natural and anthropogenic stressors, such as temperature inversions, boat
pollution, sedimentation from dredging, and chemical runoff from coastal banana plantations.
Because the economy of the area is heavily dependent on tourism, this creates an interesting
dynamic in that the main source of income (tourism) could be detrimental to a main attraction of
the area (coral reefs). In order to grasp this dynamic as well as to determine the condition of
coral reefs in Almirante Bay, three reefs (Hospital Point, Coral Cay, and Piña Cay) were studied
and twenty people were interviewed. Using a 1x1 m quadrat with crosshairs, a total of 135 m2
was studied across the three sites, which varied in proximity to the heavily trafficked Colon
Island as well as in level of use by tourists. Ten local people and ten tourists participated in
unstructured interviews in order to gauge general perceptions and knowledge of coral reefs
between the two groups. The study found that live hard coral cover was significantly higher at a
slightly impacted site than it was at a moderately impacted, heavily trafficked site. While no
statistical significance was found regarding the differences in dead coral cover between the sites,
the location closest to Colon Island featured diseased massive starlet coral (Siderastrea siderea)
as well as the largest percentage of dead coral cover among the three sites. Interviews with locals
and tourists showed that 60% of respondents believed corals in Almirante Bay to be in poor
condition for various reasons such as boat traffic and trash deposition, while just 50% of
respondents were able to correctly identify live versus dead hard coral in photographs. In order to
effectively plan for the future of the region—both environmental and touristic—further research
should involve long-term monitoring of numerous coral reefs in the bay as well as an increased
number of interviews to evaluate the ever-changing levels of public understanding.
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I. Introduction
Study location—natural characteristics
The Isthmus of Panama, widely known for its high biodiversity and status as a land
bridge, created a barrier and changed ocean circulation dramatically around 3 million years ago.
While the Pacific Ocean near Panama became productive due to upwelling of nutrient-rich deep
waters, the Western Atlantic/Caribbean waters became oligotrophic, tending to better support
coral reef ecosystems due to deeper light penetration (Leigh et al. 2014). The Bocas del Toro
province of Panama, located in the westernmost reaches of the country, is home to many
Caribbean coral reefs that draw tourists and support local fisheries (Guzmán et al. 2005).
Almirante Bay, the location of many of these reefs, is a 446 km2 lagoonal body of water
sandwiched between continental highlands and several islands; namely Colon, Popa, and
Bastimentos (Aronson et al. 2014, Calderón et al. 2013). Because of factors such as
anthropogenic influence and riverine input, the corals in this area are not considered to represent
the “typical” oligotrophic reefs of the Caribbean (Seemann et al. 2013).
The Bocas del Toro Archipelago features many “marginal reefs,” which are exposed to
changing conditions in salinity, temperature, and sedimentation, making it difficult for them to
maintain high species diversity (Schlöder et al. 2013). Almirante Bay frequently experiences
temperature inversions, as cool, fresh water from regular rainfall (averaging 3000 mm/yr) traps
warmer water below, creating stress for deeper coral colonies (Neal et al. 2013). Riverine input
creates a thin layer of fresh water, high in organic matter, that sits on the surface and diffuses
light (Cramer 2013). Input from nearby rivers also supplies waters in the bay with nutrients,
supporting phytoplankton and increasing the turbidity of the water. As a result, the shallow
waters of this area are mainly dominated by two species of coral: Porites furcata and Agaricia
tenuifolia (Seemann et al. 2013). Three reefs (Hospital Point, Coral Cay, Piña Cay) in this area
were studied in November 2016, which is at the end of the rainy season experienced by Panama
every year from May to December (Aronson et al. 2014).
Thermal stress and coral response
As global temperatures rise as a result of anthropogenically induced climate change, coral
reefs around the world are experiencing a higher frequency of thermal stress events. Severe
bleaching events are becoming more common, which is predicted to result in an overall
reduction in coral biodiversity as the mortality rate of heat-intolerant species rises (Van Woesik
et al. 2011). In an assessment of the impacts of bleaching due to climate change, Baker et al.
(2008) note that many reefs are said to be reaching “ecological asymptotes,” or the points at
which they are reduced to only their hardiest species. Coral bleaching occurs when
photosynthesizing symbionts known as zooxanthellae are expelled from the corals due to stress,
exposing the white skeletons of the corals. Zooxanthellae are necessary for the success of most
corals due to the important role that they play in providing energy through photosynthates.
However, when high temperature or intense light exposure damages these organisms, the
symbiosis can suffer or be lost entirely. On hot, sunny days with little wind, conditions become
brighter and warmer, photo-inhibiting the zooxanthellae and bleaching the corals. Bleaching can
be reduced by storms, atmospheric aerosols, or even wave action, which increases mixing and
disperses heat (Baker et al. 2008).
While the mechanism for bleaching is fairly uniform, the global progression of corals in
the face of this stress is very difficult to predict, as every reef is unique and has a different
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response to stress depending on location, adaptations, and more (Baker et al. 2008, Van Woesik
et al. 2011). Coral reef bleaching can occur on scales ranging from mere millimeters up to
multiple kilometers, based on factors like topography and species composition. Branched corals
have been shown to be more susceptible to bleaching due to their relatively low surface areas,
while encrusting corals are typically more tolerant of thermal stress (Van Woesik et al. 2011).
Baker et al. (2008) note that even color can play a role, with darker corals being more susceptible
to bleaching because of increased heat absorption. Additionally, reef recovery after bleaching is
dependent on the habits and abundance of the corallivorous organisms, such as parrotfish, in the
ecosystem. Much like the way insects will flock to an organic farm surrounded by pesticide
users, corallivores will concentrate on the unbleached fragments of corals that remain in a
thermally stressed ecosystem. In healthy reefs, bioerosion typically lags behind calcification,
allowing for net coral growth. However, as stressors mount, the tables can turn quickly so that
the rate of bioerosion surpasses that of calcification (Baker et al. 2008).
Anthropogenic impacts
Anthropogenic stress on coral reefs in Almirante Bay began with human settlement, as
the Bocas region had not yet been developed agriculturally and inhabitants relied heavily on
marine resources. Before agriculture emerged in the region, the coastline was primarily swamp
and bog habitat dominated by primary vegetation (Aronson et al. 2014). However, Cramer
(2013) explains that in the early 1900s, banana cultivation truly began to boom in the coastal
areas of Bocas del Toro. Almirante was built as a port to accommodate exports, while roads,
bridges, and railroads popped up in response. However, once diseases began to ravage the crops,
the rapid human population growth slowed. This only hindered production and population
increase until the 1950s when pesticides became commonplace. These heavily sprayed
agrochemicals began to run off into the ocean, introducing toxic pollutants to marine ecosystems
(Cramer 2013). Chemical runoff from pesticides as well as large amounts of sediment from the
Changuinola and Sixaola rivers are transported continuously into the bay via a dredged shipping
channel near Boca del Drago, located on the northwest side of Colon Island (Cramer 2013,
Seemann et al. 2013). Despite the high rates of chemical runoff, eutrophication is partially
ameliorated by oceanic input and influence, preventing stagnancy like that found in the
neighboring Chiriquí Lagoon (Aronson et al. 2014).
While Almirante Bay is less than 10 m deep in some areas and 29 m at its maximum
natural depth, Aronson et al. (2014) note that the dredged channel extends to 30 m to allow
larger ships to pass through the waters. Dredging has been shown to impact corals negatively,
mainly through the high amounts of sediment mobilized by the process. In Panama, this is
especially relevant, because hurricanes and other severe weather events rarely hit the coastline
directly, meaning that nearly all sedimentation can be attributed to land use change and human
influence (Aronson et al. 2014). Beyond decreased light levels, Erftemeijer et al. (2012) explain
that sedimentation can lead to tissue necrosis, burial of corals and other marine organisms, and
stifling of coral polyps. Different coral species have different responses, and the overall impact
of dredging depends on numerous factors such as reef proximity and species tolerance to high
turbidity. While massive and plating corals have a higher tolerance for elevated turbidity levels,
sedimentation can impact them more harshly because their shapes allow particles to settle.
Conversely, branching corals seem to be less tolerant of high turbidities, but their structures shed
sediment more rapidly (Erftemeijer et al. 2012).
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Another human-induced threat to corals is boat traffic, especially in Almirante Bay where
boat tours and exports via ship occur frequently. Damage to reefs from boat traffic can lead to
rapid colonization by macroalgae rather than by more slowly growing corals, quickly changing
the composition of the ecosystem (Schlöder et al. 2013). Berry et al. (2013) found concentrations
of several heavy metals, including mercury, copper, and zinc, in Almirante Bay corals as well as
in the surrounding sediments, likely stemming from agricultural practices and boat traffic. The
presence of heavy metals in corals has been shown to impair both respiration and reproduction in
corals (Berry et al. 2013). Both of the predominant shallow-water coral species in the bay
(Porites furcata and Agaricia tenuifolia) have proven to be more tolerant of various stressors,
including heavy metal pollution and high sedimentation rates, potentially indicating that
conditions in Almirante Bay are far from ideal (Baker et al. 2008, Berry et al. 2013, Seemann et
al. 2013).
A study by Chabanet et al. (2005) explains that response of coral reefs to stress is highly
variable, hinging on factors such as scale, duration of stress, and reef composition. Physical
disturbances, such as trampling by tourists, may not damage entire colonies the way thermal
stress could, but it can still weaken the colony dramatically. When members of a colony are
killed, it is easier for pathogens to infect the rest of the colony and spread disease. It can also
weaken the ability of the colony to reproduce. Recovery of a coral reef also depends on the
duration and the intensity of the stressful event, and usually needs little to no direct disturbance
during the recovery period. Recuperation of a reef or of a single colony also depends on the
availability of both coral larvae and zooxanthellae that could be recruited to help with regrowth
(Chabanet et al. 2005).
Coral disease
One of the primary causes of coral decline in the Caribbean and around the world is the
spread of various diseases. These diseases are largely understudied and difficult to understand,
with many of the responsible pathogens remaining unidentified (J. L. Maté, personal
communication, November 30, 2016). Montano et al. (2015) note that anthropogenic influence is
assumed to play a large role in the spread of diseases, creating additional stress for corals and
decreasing their immunity, much like how a stressed-out human has a weakened immune system.
Factors like dredging and associated sedimentation, nutrient loading from polluted runoff, and
overfishing all increase coral stress levels and decrease resistance to pathogens that cause
disease. In the same manner, climate warming also exacerbates disease prevalence, driving
zooxanthellae out of corals and allowing the increase of pathogen populations. In Almirante Bay,
all of these stressors are present, making the likelihood of disease relatively high. In both
Poritidae and Agaricidae corals, diseases such as white syndromes and black band disease are
present (Montano et al. 2015).
Thermal stress—El Niño Southern Oscillation
Another unpredictable threat to the wellbeing of corals is the thermal stress that comes
from El Niño Southern Oscillation (ENSO) events. While largely a Pacific phenomenon, El Niño
events, such as those of 1982-1983 or 1997-1998, are capable of causing severe coral bleaching
globally (Hetzinger et al. 2016). In 2009-2010, a relatively small El Niño event with a positive
temperature anomaly of just 1.6°C had a similarly destructive impact on many Caribbean reefs
(Ferreira et al. 2012). Beginning in 2015, the strongest El Niño on record since 1997-1998 took
place, and it is largely unknown what impacts this phenomenon had on coral reefs, especially in
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the Caribbean where focus on ENSO is less intense (NOAA Climate Monitoring, 2016). Because
just a 0.1°C water temperature increase can lead to a sharp increase in bleaching, it is possible
that extensive damage has been done to the already strained coral reefs in the Bocas del Toro
Archipelago (Seemann et al. 2013). After the 1997-1998 thermal stress event, researchers found
an almost immediate decrease in the number of live branching corals such as Acropora species.
These species tend to take the hardest short-term and long-term hits after stress events, resulting
in an overall decline (Van Woesik et al. 2011).
Public perceptions
Beyond the uncertainty regarding the response of Almirante Bay reefs to El Niño and
other stressors, little is known regarding the perceptions of current locals and tourists in the area,
both of whom have impacts on and investments in the reefs. Situated near the Panama-Costa
Rica border and easily accessible, the islands in Almirante Bay are a popular destination for
many travelers. Because the region offers both rainforest and beach, tourists of widely varying
backgrounds filter through daily, as noted by Camargo et al. (2013), sustaining the economy of
the area and providing the majority of locals with their main source of income. While locals and
visitors interact constantly, they seem to have different perceptions about how high tourist traffic
impacts the environment around them. In this study conducted in 2013 in Bocas del Toro, locals
were reported to believe that tourism protects the natural resources that the islands have to offer,
while visitors to the area seemed to think the opposite. The locals were shown to recognize that
their culture is not necessarily environmentally friendly, and that the area around Colon Island
had gained a reputation for being filled with discarded trash (Camargo et al. 2013).
It has been shown by Leujak and Ormond (2007) that tourist perceptions of coral reef
health do not align with actual reef condition in areas of high impact, with the average visitor
being mostly oblivious to damage. This is likely because visitors that are more aware of poor
reef quality choose to travel to sites that have been less impacted (Leujak and Ormond 2007). A
study by Oigman-Pszczol et al. (2007) in a small coastal town in Brazil showed that both locals
and tourists have a poor basic understanding of what corals are, and are very uncertain about
their condition. Only 64% of interviewees who said they “know what corals are” were found to
associate corals with terms like “living beings”. When shown pictures of various coral species,
many people identified them as sponges or rocks (Oigman-Pszczol et al. 2007). However, with
the ever-changing assemblage of people inhabiting the Bocas del Toro Archipelago, it is
unknown what visitors and locals currently believe regarding the existence and causes of reef
degradation.
II. Research Question
What is the current composition of coral reefs (in terms of live and dead coral cover) at three
reefs with varying human impact in Almirante Bay, Bocas del Toro, and what are the knowledge
levels and conceptions of tourists and locals regarding the driving factors behind coral reef
degradation?
III. Methods
Gauging reef condition
In this study, three sites with differing anthropogenic impact levels were visited in
Almirante Bay to determine the condition of coral reefs in terms of live and dead hard coral
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cover. The first was Hospital Point, located at the tip of Solarte Island, which was given a
precursory categorization as a “strongly impacted” site due to proximity to Bocas Town (a
popular tourist destination) (Figure 1). The “strongly impacted” site was originally intended to be
a reef off of Carenero Island, but an attempt at data collection failed due to poor weather
conditions and strong wave action. The next site was Coral Cay (also known as Crawl Cay),
located furthest from Bocas Town, but heavily trafficked by tourists hoping to snorkel. For this
reason, it was initially categorized as “moderately impacted”. The final site was located
immediately to the southeast of Isla Bastimentos National Marine Park near the small,
mangrove-dominated Piña Cay. Because of issues with permitting, sites within the protected area
were not tested. However, Piña Cay may benefit from edge effects of the protected area as well
as significant distance from Bocas Town, and thus was preliminarily categorized as “slightly
impacted”. Upon arrival at each site, observations were made about perceived anthropogenic
impact to augment the influence of location and findings about coral condition (Berry et al.
2013).

Figure 1. Map displaying the location of each site studied in Almirante Bay. Black arrows represent main
circulation patterns within the bay (adapted from Seemann et al. 2013). Blue dotted lines denote heavily
trafficked boat routes. Adapted from Google Maps.

At each site, with the help of a partner, three 30 m transects were laid using a 50 m
measuring tape. Each transect ran parallel to shore for maximal topographic continuity, and were
around 5 m apart moving away from shore (Jokiel et al. 2015, Seemann et al. 2013). Because the
sites did not include reef expansive enough to accommodate a random selection method (such as
swimming a random number of meters from the boat before beginning), the nearest suitable reef
relative to the boat was chosen for data collection. Depths were measured at each transect, and
precise locations were determined using GPS software. In sum, 90 m were studied at each reef,
and 270 m were studied overall.
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Along each transect, a 1 m2 quadrat with crosshairs spaced 10 cm apart was used to
collect data every two meters. To begin, the quadrat was gently placed on the right-hand side of
the transect tape, with the bottom left corner of the quadrat buffering the beginning of the tape at
0 m. The quadrat was placed every two meters along each 30 m transect, and the dominant
substrate in each square of the quadrat was quantified, representing 1% of the entire quadrat.
Three 30 m transects were run at Hospital Point, and data was collected from 15 quadrats on the
first two and 8 on the last one. Due to logistical constraints (namely time and money), the last 7
quadrats were not finished in situ, but data collection was completed from this transect using
pictures taken with a swim partner's camera overlain with a digital grid to resemble a quadrat
(Green et al. 2008).
Substrate categories included live coral, dead coral, bleached coral, algae, and not coral
(neither coral nor algae). The “not coral” category most often included sponges, zoanthids, and
sand. For each quadrat, the total percentages of each substrate were calculated (Jokiel et al. 2015,
Seemann et al. 2013). When possible, informal observations of live coral species were made to
assess the dominance of Porites furcata and Agaricia tenuifolia discussed in previous studies
(Aronson et al. 2014, Berry et al. 2013, Cramer 2013, Seemann et al. 2013). Tentative
identifications for descriptive purposes were made using photos from three online Caribbean
marine life galleries (Boxshall et al. 2013, Charpin 2016, Crites 2016).
Thus, for each transect, 15 m2 were quantified, making for a total of 45 m2 at each reef
and 135 m2 sampled in Almirante Bay. While this study originally intended to cover more area
on each reef, this plan was hindered by the arrival of Hurricane Otto, which brought unfavorable
weather conditions for the majority of the allotted research time (Figure 2).

Figure 2. Satellite image of Hurricane Otto on November 24, 2016. Courtesy of NOAA-NASA
GOES Project.

Statistical analysis
To analyze the data gathered, a multivariable test (ANOVA) was utilized to determine if
the total percentages of each substrate at each of the three sites were significantly different
(Myers and Raymundo 2009). The mean live and dead hard coral cover percentages were
calculated for each location by averaging the percentages for both categories from the three
transects at each site. In this case, the null hypothesis (H0) was that the differences between the
sites in terms of live and dead cover percentages were statistically insignificant. The alternative
hypothesis (Ha) was that the differences between live and dead cover percentages were
statistically significant. A p-value was calculated relative to an alpha value of 0.05. When

Thompson 7
calculated p-values were less than 0.05, post hoc two-tailed t-tests assuming equal variance were
carried out to determine the site pairs that shared significant difference. A Bonferroni correction
was applied to counteract the impacts of using multiple tests (Armstrong 2014).
ANOVA was not utilized for the categories of algae, “not coral,” or soft coral covers due
to the focus of this study on live and dead hard coral cover. Additionally, a wide range of
organisms and species were placed in the “not coral” category—including sponges, sand,
zoanthids, and more—meaning that analysis would be difficult and largely inapplicable.
Ascertaining public perceptions
In order to gauge public perceptions of coral reef status and degradation in Almirante
Bay, unstructured interviews were conducted with 10 local people and 10 tourists. Interviewees
were selected randomly in public locations such as streets and parks, and were only categorized
and identified as locals or tourists (Bernard 1940). To initiate each interview, the research
question and project objectives were explained to each individual, seeking permission to
interviews when participants were intrigued. They were told that all information would be kept
anonymous, and that they would not be recorded. It was explained that their participation was by
no means mandatory, and that if they felt uncomfortable at any time (despite there being no
foreseeable risks), they could exit the interview or skip questions. Prior to the start of the
research project, a proposal was submitted to the Local and Institutional Review Boards
(LRB/IRB), including an outline of the intended interview and data collection process. The
approval of the board confirmed that the project and methods would be ethical and would cause
no harm to participants.
Once consent was obtained from each person, interviewees were shown two pictures of
coral reefs in which live and dead corals are present (Figure 3). The photos were taken in the San
Blas Archipelago, but feature coral species also found in Almirante Bay. Participants were then
asked several questions regarding their beliefs about coral reefs in Almirante Bay (Appendix A).
After each interview was completed, participants were thanked for their time, and their answers
were written up and stored in a document on a password-protected computer for additional
security. To process the data, responses from interviewees were entered into Microsoft Excel for
further analysis. Results were categorized by interviewee status (as tourist or local) to determine
if there were noticeable differences in perceptions between the two groups (Shih et al. 1999).

Figure 3. Coral photos shown to interviewees, featuring live and dead Porites furcata (left) and
Colpophyllia natans (right). Photos by Avery Cheng.
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IV. Results
Coral Composition
The three sites visited had variable compositions in terms of coral species and coverage.
While the three transects of each site appear to have fairly similar makeup within the sites, each
location has a unique signature in terms of percentages of each category (live hard coral, dead
coral, algae, not coral, and soft coral) (Figures 4 & 6). The ANOVA for live coral cover between
the three sites was significant (p-value = 0.03), and a Bonferroni-corrected post hoc t-test
indicates that live hard coral cover at Site 3 (Piña Cay) was significantly higher than that at Site 2
(Coral Cay). Post hoc tests did not prove significant difference in the live coral cover percentages
between the other sites. Similarly, the ANOVA for dead coral cover between the three sites was
not statistically significant (p-value = 0.09). Thus, the null hypothesis (H0) was accepted for
differences in dead coral cover and rejected for differences in live coral cover. While not proven
statistically significant, the percentage of dead coral recorded at Site 1 (Hospital Point—44.9%)
is striking compared to that of the other sites (5.0% at Coral Cay and 8.3% at Piña Cay) (Figure
4). Live coral cover also appeared to be lower at this site (21.9%) compared to at Piña Cay
(23.3%), though not proven statistically significant. Soft coral clearly dominates Site 2 (Coral
Cay) as 59.9% of the cover, resulting in lower percentages of live hard coral (11.4%) and dead
coral (5.0%) cover.

Cover (Mean % + SE)
Live
Dead
Algae
Not Coral
Soft Coral

1. Hospital Point
n=3
21.9 ± 3.7
44.9 ± 9.1
18.2 ± 5.9
15.0 ± 3.7
0.0 ± 0

Site
2. Coral Cay
n=3
11.4 ± 1.9
5.0 ± 1.8
2.2 ± 1.1
21.4 ± 7.6
59.9 ± 8.7

3. Piña Cay
n=3
23.3 ± 1.3
8.3 ± 1.7
21.4 ± 2.5
47.1 ± 3.8
0.0 ± 0

Figure 4. Mean percent cover ± standard error (SE) of five different substrate categories at all
three study sites.

Site 1: Hospital Point
To begin the field component of this study, my swim partner and I traveled a short
distance across Almirante Bay to visit Hospital Point (09° 20′ 03′′N and 82° 13′ 06''W), a 5minute boat ride from Colon Island. A line drawn from Colon Island to Hospital Point measures
2.33 km, or 1.45 miles. The water was fairly clear, with visibility improving as the sun came out.
The depth of the water ranged from 2-3 m, and the weather was mostly overcast and around 83°F
(~28°C). We began data collection offshore from "Thief's Beach," a small, sheltered area near
private property. The reef we were studying ranged past a rocky point jutting out into the water,
situated on a thin strip between the outcrop and a sharp drop to a depth at which we could not see
the bottom.
At this site, we saw several types of live hard coral: thin leaf lettuce coral (Agaricia
tenuifolia), starlet corals (Siderastrea siderea), mustard hill coral (Porites asteroides), and blade
fire coral (Millepora complanata). An interesting feature of this site was that many of the S.
siderea heads were covered by white, circular splotches (Figure 5).
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Figure 5. Apparent disease on Siderastrea siderea corals at Site 1 (Hospital Point). Photo by
Elaine Shen.

No branching corals or soft corals were seen. Plentiful encrusting coralline alga was
present on dead coral, and many of the massive corals had patches that had died and been
colonized by algae. Much of the area categorized as "not coral" was typically covered by white
encrusting zoanthid (Palythoa caribaeorum), which formed the majority of the ground cover.
Sponges of various colors were also present, but not dominant. The first transect, closest to land,
was mainly composed of encrusting corals (Porites asteroides) and blade fire coral (Millepora
complanata), categorized as live hard coral. The middle transect featured many massive starlet
coral heads (Siderastrea siderea) impacted by the disease, as well as Palythoa caribaeorum,
while the edge transect was dominated by live Agaricia tenuifolia (Figure 6). The mean live hard
coral cover at this site was 21.9%, while dead cover was 44.9% (Figure 4).
The site did not have much pollution obvious to the naked eye, aside from several metal
pipes that had been deposited underwater. Marine life was not as rich as that seen on a previous
excursion in the San Blas Archipelago (central Panama), where lobsters, rays, and crabs were
regularly spotted. Fish assemblages were fairly similar, though less biodiverse than what was
seen in San Blas. Additionally, fewer damselfish were present, but parrotfish appeared to be
more common.
Site 2: Coral Cay
To visit our second site, we took a water taxi to Coral Cay (9° 14'30''N, 82° 8'17''W),
about a 20-minute ride from Colon Island. A line drawn from Colon Island to Coral Cay
measures 15.09 km, or 9.38 miles. The waters were calm because the site is largely protected
from wave action by Bastimentos Island. The water was consistently around 2 m deep for our
three 30 m transects, laid about 300 m from shore where several buildings and restaurants are
located. During our visit, the skies were partly cloudy and the temperature was around 83°F
(~28°C). Winds were calm and there was no precipitation, but waters were fairly turbid and
suspended sediment levels were high. This was a result of Hurricane Otto, which scraped the
Bocas del Toro Archipelago before data collection at Coral Cay, bringing periods of heavy
rainfall, strong winds, and high waves (Figure 2).
This site was quite a compositional change from the reef at Hospital Point and later at
Piña Cay. Instead of typical "reef" structure, we saw scattered coral heads in an ecosystem
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dominated by soft corals (Figures 4 & 6). Among the soft coral species were corky sea rods
(Briareum asbestinum), Caribbean sea plumes (Antillogorgia bipinnata), and bent sea rods
(Plexaura flexuosa). The hard coral species were mainly branching fire coral (Millepora
alcicornis), scaled or thin leaf lettuce coral (possibly Agaricia tenuifolia, but more similar to
Agaricia agaricites forma danai), and the occasional and cluster of branched finger coral
(Porites furcata) and massive starlet coral head (Siderastrea siderea), or mound of lobed star
coral (Orbicella anularis). The S. siderea heads did not show signs of disease like those at
Hospital Point, but each head did feature a fair amount of dead space where encrusting algae had
begun to grow. The mean amount of live hard coral cover at this site was 11.4%, while dead
cover was 23.3% (Figure 4). This site was statistically proven to have a significantly lower
percentage of live coral cover than Site 3 (Piña Cay).
There was a decent number of fish species present in the area, including both damselfish
and a large school of juvenile parrotfish. Most life seemed to gather around the larger heads or
sponges, where damselfish tended algae gardens. On our way to the site, there was a small
amount of trash (mostly bottles) floating in the water, but no trash was evident upon our arrival
to the reef.
Site 3: Piña Cay
To visit our final site, we sailed to a small island off of Bastimentos called Piña Cay
(9°14'55''N, 82° 9'4''W). It took us about 2.5 hours to reach the reef from the mainland on the
sailboat, but would likely take only 20 minutes to reach via speedboat. A line drawn from Colon
Island to Piña Cay measures 12.77 km, or 7.94 miles. The reef was located about 100 m from the
cay. The weather was partly to mostly cloudy, 83°F (~28°C), with a decent amount of sun and
fairly low wind speeds. It did not rain during data collection, and visibility was decent. High tide
was coming in and peaked as we collected our data, and the sailors noted that oftentimes in this
location, high tides bring in lower visibility waters, while low tides tend to flush waters out and
increase visibility.
In the location of our three 30 m transects, the water was about 1 to 1.5 m deep, dropping
off quickly beyond the reef. The results from the quadrats were fairly uniform from transect to
transect, dominated by live Porites furcata growing in large colonies (Figure 6). Other live hard
corals seen were small rose corals (Mancina areolata) and boulder brain coral heads
(Colpophyllia natans). In nearly every quadrat, the substrate was littered with Porites furcata
rubble, perhaps because the delicate fingerlike structure allows for easier breakage. Piña Cay was
also the only site at which clear evidence of bleaching was found. Small but significant portions
of Porites furcata were bleached in several different colonies, revealing the smooth, white
skeletons of the coral. At this site, live hard coral made up 23.3% of the substrate (proven
significantly higher than the percentage at Coral Cay, Site 2), while dead coral was 8.3% of the
substrate (Figure 4).
There were a lot of algae present at this site, but different from the greenish-pink algae
seen growing on dead massive corals at other sites. I observed feather alga (Caulerpa
sertularioides), sea pearls (Ventricaria ventricosa), green grape alga (Caulerpa racemosa), white
scroll alga (Padina jamaicensis), jointed stalk alga (Halimeda monile), and other encrusting
algae. Unlike the rocky Hospital Point reef, this reef was located near mangroves and seagrasses.
There were not many fish around because we swam midday on a sunny day, when many fish
choose to hide and sleep.
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Piña Cay was fairly close to the end of Bastimentos, but seemed quite remote. We did not
see another person during our time there, and only one structure was visible on the mainland.
However, when we arrived to the site, there was some trash gathered in the roots of the
mangroves. The only evidence of humans at the reef came in the form of a large cement block
sunk near the corals.

Figure 6. Chart showing percentages of each substrate category (live hard coral, dead hard coral, algae,
not coral, soft coral) at each transect from the three sites.

Public Perceptions
Of the 10 locals and 10 tourists interviewed, a total of 60% answered that they believed
the corals in Almirante Bay are unhealthy (50% of tourists, 70% of locals). The three most
popular reasons for this belief were the high amounts of discarded trash in the bay, boat traffic,
and tourism. Other responses mentioned carelessness of various forms, climate change, and
sedimentation due to dredging (Figure 7). Two respondents also cited harmful fishing practices
as reason for reef harm, with one interviewee specifically mentioning the method of spraying
bleach into octopi dens. When asked to describe the corals in the pictures, 50% of respondents in
both groups were able to identify that portions of the corals were dead (Figure 3). Of all
interviewees, 60% had seen corals firsthand through snorkeling or diving in Almirante Bay (50%
of locals, 70% of tourists).
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Reason
Trash
Boat Traffic
Tourism
Careless Diving
Careless Anchoring
General Carelessness
Climate Change
Fishing practices
Coral Cutting
Sewage/Chemical Dumping
Dredging Sedimentation
Lack of Education

Frequency
7
5
3
2
2
2
2
2
2
1
1
1

Figure 7. Interviewee responses to the question “Why do you think corals in Almirante Bay are
unhealthy?” and response frequency.

7 of the 10 respondents who were unable to identify live versus dead coral also said that
they believed the corals in Almirante Bay were healthy. The reasons given for this included that
reefs seem to be out of the way of anthropogenic harm, that water quality in Almirante Bay is
good, and that there are no perceived threats to the corals in the bay thanks to adequate
protection.
One perception gained from the experience of interviewing was that 50% of respondents
in both groups were outwardly unconfident in their knowledge about corals, saying that they
knew little to no information about the topic. This did not seem to be correlated with having seen
the corals in Almirante Bay before, as several tourists who had been snorkeling during their
visits still felt shaky in their understanding. Several tourists who had traveled more extensively
were confident in their answers, and were able to compare reef in Almirante Bay to that in other
destinations. These respondents noted that corals in the bay seemed to be in similar condition to
those of Vietnam and healthier than those in the Red Sea.
V. Discussion
Coral Composition
Site 1 analysis
Site 1 (Hospital Point) was also the location of a study conducted by Seemann et al. in
2013 of both shallow and deep water corals. In general, the findings between our studies agree
fairly well. For example, no branching corals or soft corals were seen, in agreement with the
results of Seemann et al. which found Hospital Point to have the lowest soft coral cover
percentage of anywhere in Almirante Bay. Dominant substrates found in this study also agree
with their data, especially with their conclusion that sites with higher abundances of Agaricidae
tend to have lower abundances of Poritidae (and vice versa, as seen at Site 3, Piña Cay).
However, the shallow reef at Hospital Point seems to have recovered since 2013, when the
authors found that 40% of the reef (both shallow and deep, 1-10 m) had not yet recovered

Thompson 13
following a severe bleaching event in 2010 (Seemann et al. 2013). No bleached coral was found
in our three 30 m transects here, possibly indicating a decrease in stress on the shallow water
corals in the past three years.
Although shallow water bleached coral was not present, this site did feature seemingly
diseased Siderastrea siderea coral (Figure 5). The Siderastreidae family has been shown to have
high disease susceptibility (Montano et al. 2015). Some of the more irregularly shaped white
marks were likely due to predation from parrotfish and other corallivores, but the majority of the
spots seemed to be the manifestation of a disease (J. L. Maté, personal communication,
November 30, 2016). Seemann et al. (2013) did find the second highest abundance of parrotfish
at Hospital Point, indicating that herbivory could be a significant player in this ecosystem.
According to the Field Guide to Western Atlantic Coral Diseases and the Caribbean Coral
Disease ID guide, multifocal and circular white patches 1-3 cm in diameter are associated with
Ulcerative White Spots, commonly abbreviated as UWS (Bruckner 2009, 2016). However, UWS
is most often found in Poritidae species rather than Siderastreidae (Bruckner 2009). Because
many pathogens have not yet been identified and causes and manifestations are still unclear, the
most specific diagnosis possible at this time for this disease is that it seems to be in the white
syndrome group (J. L. Maté, personal communication, November 30, 2016).
Another interesting feature of this reef was the prominence of zoanthids. Studies
conducted on the growth patterns of P. caribaeorum have shown that this species has a relatively
high growth rate and capacity to colonize free space, reliably outcompeting other zoanthids for
space after being manually removed. On average, this species grew 11.0 cm2 per month, which
was the fastest growth rate of the three species studied (Rabelo et al. 2013). Seemann et al. also
noted the presence of zoanthids during their study in 2013. With a competitive nature and the
ability to grow quickly, it is possible that the zoanthid population at Hospital Point has increased
in the past three years, especially given the amount of dead coral present in this area (Rabelo et
al. 2013).
Despite proximity to Bocas Town, obvious signs of pollution were not widely present.
This was perhaps because the closest terrestrial area was devoid of people, and because intense
wave action and flow toward the open ocean around the point may flush out signs of pollution
(such as trash) quickly rather than allowing it to stagnate (see map, Figure 1). However, in the
Seemann et al. (2013) survey, Hospital Point had the second shortest Secchi Depth, behind only
the reef closest to the highly polluted port of Almirante. The researchers also found evidence of
damage due to boat anchoring, which makes sense given that Hospital Point is a stop on the route
of many daily tours in Almirante Bay, as well as a popular dive spot (Seemann et al. 2013).
Overall, the amount of obvious pollution contrasts with the initial categorization for this site, but
the perceived lack of biodiverse marine life, relatively high percentages of dead coral, and the
spread of a white syndrome indicate that this site may indeed be “heavily impacted”. However,
because Hospital Point is partially exposed to the open ocean and has higher wave energy, it is
also possible that some of the perceived degradation stems from these factors (Seemann et al.
2013).
Site 2 analysis
The perceived dominance of soft corals at Coral Cay was in sharp contrast to the
composition of other sites in this study. Soft corals have been shown to be sensitive to high
turbidity, and are also hypothesized to be relatively inefficient at coping with higher rates of
sedimentation (Erftemeijer et al. 2012). This conclusion could support speculation that the reef at
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Hospital Point was devoid of soft coral because it has been shown to experience high turbidity,
and is also situated closer to the dredged shipping channel at Boca del Drago (Seemann et al.
2013). It is possible that Coral Cay is regularly exposed to lower turbidity levels and
sedimentation rates, thus providing better habitat to support soft coral dominance. Some soft
corals have also been shown to prefer lagoonal habitats like Coral Cay, out of the way of strong
wave action like that seen at Hospital Point (Sánchez et al. 1997). For example, Guzmán et al.
(1998) found the highest percentage of octocoral cover at Ambrosia Cay, which is tucked far
inside Almirante Bay, away from wave action. However, other natural forces could also be at
play, given that the 2010 mass coral bleaching event was recorded as one of the most severe in
Caribbean history (Alemu & Clement, 2014). This also could have exerted influence over
differences in the coral compositions between the two sites, depending on the distribution and
duration of the stress.
Through talking to boat operators and visiting different tour companies, we learned that
Coral Cay is a popular destination on most boat tours in Almirante Bay. It was marketed to us by
leaders of boat tours as “the place to see coral of every color” as well as an abundance of colorful
fish. While the ecosystem was fairly colorful, this was mainly due to the presence of sponges and
coralline algae. This misinformation is just one example of the relative lack of knowledge about
coral reefs, shared among people who make their living from this resource, and spread to tourists
who may have never seen a reef or even an accurate depiction of a reef.
Between stops in Dolphin Bay and Zapatillas Cays, tour boats visit Coral Cay for several
hours for snorkeling and lunch at the restaurants. Upon arrival to the site, we remarked at how
many people were in the water (about 15 around 11 am). One person said that this was a meager
showing, and that there are often 8 or more tour boats parked in the area during the afternoon.
This could mean that upwards of 50 people are in the water in this area at one time. The amount
of boat traffic to this site certainly supports a categorization of "heavily impacted," but the
distance between Coral Cay and Colon Island as well as its position between two portions of the
protected area may have dampened obvious signs of anthropogenic impact (Figure 8). The initial
categorization of "moderately impacted" seems appropriate.

Figure 8. Map showing location of Isla Bastimentos National Marine Park relative to study sites. Adapted
from Guerrón-Montera (2005).
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Site 3 analysis
Piña Cay was another site example supporting the conclusion by Seemann et al. (2013)
that reefs dominated by Poritidae tend to be lacking in Agaricidae. Porites furcata has been
deemed the most abundant shallow-water coral in Almirante Bay thanks to its resistance to the
declining water quality in the bay (Schlöder et al. 2013). However, branching Porites species
have also been found to be less tolerant to thermal stress than massive and encrusting corals (Van
Woesik et al. 2011). This may explain why the corals at this site displayed some evidence of
bleaching, while other sites dominated by massive corals did not. Alternatively, this bleaching
could possibly be left over from the severe El Niño event that occurred last winter, unevenly
distributed due to geographic differences that caused variation in bleaching patterns. It is
interesting to consider the future of Porites furcata in Almirante Bay, given continually declining
water quality and inevitable thermal stress. Since P. furcata may have more of a competitive
edge with high tolerance for low water quality, but could be more susceptible to thermal stress
due to its structure, it is difficult to say how populations in the bay will be impacted.
The location of the reef at Piña Cay seemed to play a significant role in the amount of
evident human impact. Because it was situated between other small mangrove cays and
somewhat distant from the mainland, it appeared to be off the beaten path of tour boats. There
were also no touristic attractions or indications that it may be a location worth exploring. The
depth near the reef was around 40 feet (~12 meters) and rapidly shoaled at the reef, making it
fairly isolated and difficult to reach. Overall, human impact seemed relatively low, in agreement
with the initial categorization of “slightly impacted”.
General reef patterns
In line with other studies conducted in Almirante Bay, Agaricia tenuifolia and Porites
furcata were prominent (Aronson et al. 2014, Baker et al. 2013, Cramer 2013, Seemann et al.
2013). However, these corals were not necessarily dominant in all of the shallow water sites of
this study, especially at Coral Cay, where soft corals were by far the majority. Even at Hospital
Point, A. tenuifolia was only present in one of three transects, while zoanthids and massive corals
like Siderastrea siderea prevailed in the other two transects. Conversely, the site at Piña Cay was
overwhelmingly dominated by Porites furcata, and it is possible that many of the sites studied by
other researchers in different sections of Almirante Bay saw a similar composition. Though not
proven statistically significant by ANOVA, the large amount of dead coral at Hospital Point
compared to the other sites could potentially be attributed to its proximity to the heavily
trafficked pollution center of Colon Island (Figures 4 & 6). Alternatively, it could be a result of
mass bleaching events like that of 2010, or other thermal stress events related to El Niño, climate
change, and/or the frequent temperature inversions seen in the bay (Alemu & Clement, 2014,
Neal et al. 2013). No branching Acropora species were seen in this study, perhaps indicating that
thermal stress in Almirante Bay has significantly decreased their abundance (Van Woesik et al.
2011). Seemann et al. (2013) also failed to find large colonies of Acropora species (specifically
Acropora cervicornis), citing thermal and anthropogenic stressors as the reason for their absence.
Interview Analysis
Perceived awareness
Results from the 20 conducted interviews showed fairly encouraging signs of knowledge
and awareness about coral reefs in Almirante Bay. The fact that half of all interviewees were
able to point out dead coral in a photo, as well as provide reasoning for why corals may be dead,
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shows that many people in the area are at least somewhat engaged with the status of the
ecosystems around them. The various reasons given for coral deterioration were surprisingly
broad, and showed that people were able to acknowledge certain practices, such as boating, as
bad and could apply them to the topic of coral reefs. Two locals named climate change as a
threat to coral reefs and to the environment, which is heartening given the ignorance still present
in the United States. However, this was the only large-scale reason given for coral degradation.
No mention of El Niño was made, despite the fact that Panama had just experienced a large
drought because of this phenomenon. The overwhelming response was that the trash deposition
in Bocas del Toro, a very localized problem, is perceived to be a threat to coral reefs in
Almirante Bay. This makes sense given the high visibility of trash, and the general
acknowledgment that it is a major problem in Panama. As noted by Camargo et al. (2013), many
of the locals interviewed talked about the general carelessness (when it comes to trash disposal)
of people who live in the area, and admitted that the culture does not lend itself to preserving the
environment.
Leujak and Ormond (2007) found that sometimes, tourists interviewed near polluted coral
reef are usually unaware of the poor reef condition, because those with more knowledge and
awareness choose to visit other sites for snorkeling or diving. This conclusion seemed to be
supported in the present study. One tourist who was unable to identify dead coral had snorkeled
near Hospital Point, where diseased coral was present, and said that the corals seemed healthy
thanks to good water quality. Conversely, another tourist (experienced in diving) who was able
to identify dead coral said that the only semi-healthy reef in the entire bay was located within the
protected area of Isla Bastimentos National Marine Park. Two other tourists visited Coral Cay,
and said that the corals there appeared to be healthy because they seemed to be out of the impact
zone of the pollution from Colon Island. These answers combine to show that just snorkeling in
an area is not necessarily sufficient for people to understand coral health, and that more
information is needed for greater comprehension. Leujak and Ormond (2007) also found that
snorkeling experience was not necessarily correlated to knowledge about coral reefs, instead
suggesting culture of home countries to be responsible. The study hypothesized that people of
nationalities such as Russian may be more likely to be less knowledgeable about reefs because of
their limited education system and economic disadvantages (Leujak & Ormond 2007). A similar
explanation in Panama is certainly conceivable.
Anthropogenic causes of coral deterioration
Another encouraging fact was that 70% of locals believed corals in Almirante Bay to be
unhealthy. While sobering because of the way this may impact their lives, acknowledgment of
this problem is important and can be the first step to moving forward with conservation efforts
(Klein & Thurstan, 2016). Several local interviewees were very passionate about the topic of
environmental wellbeing in the Bocas del Toro Archipelago. One interviewee lamented the lack
of education, explaining how bad habits are perpetuated in the area, making it harder to change
minds. Another noted that tourism has changed the reefs dramatically in the time it has been
prominent in the region, describing a 2 km barrier reef near Red Frog Beach that no longer exists
because of development. While the interviewee believed tourism is important for the region, they
also noted that it could be very environmentally detrimental, gesturing to the main street in
Bocas Town and explaining that the focus had been on building hotels for tourists rather than
conserving what they came to see. Another interviewee felt the opposite way, saying that tourism
is the main source of income for the Bocas region, and that many people would be dead without
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it. While the interviewee acknowledged that some effort should be put toward conservation, they
were unable to imagine putting it as the first priority of the region. To compensate, the
respondent explained that it seems tourism helps to protect the natural resources of the islands, as
noted in Camargo et al. (2013). This interviewee said that tourism encourages locals to dispose
of trash properly, but this claim was difficult to believe fully as pieces of trash floated by in the
gutter. Because coral mortality has been shown to lead to a loss of tourism value thanks to
declines in fish species and coral diversity, it is important to consider this vicious positive
feedback cycle when contemplating the future of the Bocas del Toro Archipelago (Seemann et
al. 2013).
Potential sources of error
When studying coral reefs, field methods are usually much easier said than done. In this
study, it was sometimes difficult to lay a perfectly straight transect over varying coralline
topography—a task usually left to the chain transect method (Glynn et al. 2014). This issue
combined with wave action (particularly at Hospital Point) made for execution less precise than
desirable, potentially altering results because of varying transect—and thus quadrat—placement.
Another source of error in data collection came in basic identification. For example, it was
sometimes difficult to tell the difference between zoanthids and encrusting corals. This could
have led to mistaken categorizations and incorrect substrate percentages for some quadrats.
Error in random interviews is mostly present in the form of unintentional bias. For
example, to be polite and to conform to the social norms of the United States, I only approached
people who were alone and seemingly not busy, thus decreasing the “randomness” of my
selection. Beyond this type of error, it was sometimes overwhelming to think of the world of
difference between the answers I got from this specific group of 20 people. Because of the
relatively small sample size, it is possible that an entirely different result could have been
achieved by simply interviewing a different set of people. Additionally, the problem of
determining a stable knowledge level of visitors and locals is compounded by the spread of
technology, search engines, and social media, which allow anyone with access to learn nearly
unlimited amounts about any given topic. As topics concerning climate change continue to
populate the media and ecotourism becomes more popular in Panama, perceptions of locals and
tourists will undoubtedly change. Rather than establishing a baseline, this dynamic renders my
study a blip on the radar that will certainly evolve in a short period of time.
VI. Conclusions
Coral composition between Hospital Point, Coral Cay, and Piña Cay appeared to vary
greatly, with each location displaying significantly different reef structures and types of coral.
While the differences in dead coral cover percentages between all the sites were not found to be
statistically significant, differences in live hard coral cover percentage between certain sites did
show statistical significance. Because the live hard coral cover at Piña Cay (23.3%) was
significantly greater than at Coral Cay (11.4%), proving the alternate hypothesis, it is possible to
postulate that the difference could be due to the anthropogenic impact on the sites. As proposed
by five interviewees, the daily heavy boat traffic at Coral Cay could be a reason for lower live
hard coral cover. Also, while statistical significance was not found regarding dead coral cover
percentages between the sites, it is important to note that the only diseased coral (Siderastrea
siderea infected with a white syndrome) was found at Hospital Point. This site also exhibited the
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largest amount of dead coral by far (44.9%), and happened to be situated closest to Colon Island.
Because many interviewees, both local and foreign, named Colon Island and Bocas Town as
major sources of pollution, their impacts on nearby reefs are worth consideration. However, the
most popular interviewee responses focused on very localized sources of pollution and
disturbance. It is important to remember that larger natural forces, such as El Niño events,
temperature inversions, and climate change can also have a significant impact.
Interviews of locals and tourists revealed that a fair number of people (60%) in the area at
the time of the study were aware of coral reef deterioration in Almirante Bay and were able to
name possible causes. The most frequently supplied reasons for reef harm centered on visible
sources of pollution such as trash deposition and boat traffic. While three respondents cited
tourism as a cause of reef degradation, it was clear that this was a complex topic given the heavy
dependence of the people of the Bocas del Toro Archipelago on the tourism industry. While 60%
of interviewees had seen the corals of Almirante Bay firsthand, no strong trend emerged between
this experience and the ability to identify live and dead corals in photographs. This indicates that
while it is important for visitors and locals to have the experience of seeing corals firsthand
(rather than in an unrealistic online photo, for example), more education is needed for the
majority of people to truly understand coral reefs and associated threats to their wellbeing.
In the coming years, as anthropogenically induced climate change progresses and tourism
in the Bocas del Toro Archipelago increases, it will be vital to continue to monitor the coral reefs
in Almirante Bay, as well as the perceptions of the people in the area. While this study provides a
glimpse into the current state of coral reefs and public understanding, a long-term monitoring
program could definitely benefit the area and our knowledge of its reef progression. Future
research in this vein should incorporate more reef sites, especially those near the shipping
channel at Boca del Drago and the port of Almirante. It would also be interesting to focus on the
impacts of natural parameters such as nutrient levels and temperature. If possible, reef sites
within Isla Bastimentos National Marine Park should also be studied in order to quantify the
success of the protected area at conserving the coral reefs within its boundaries. With an everchanging climate and an increasingly overwhelming human presence in the area, it is critical to
monitor these fragile ecosystems as well as general public comprehension in order to inform
protective actions moving forward.
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Appendix A
1. What do you see in these photographs?
a. ¿Qué ve Ud. en estas fotos?
2. Have you been snorkeling or diving to see coral reefs in Almirante Bay?
a. ¿Ha buceado o usado esnorkel para ver los corales de Bahía Almirante?
3. What do you think the condition is of coral reefs in Almirante Bay?
a. ¿Cómo está la condición de los corales en Bahía?
4. Why do you think that the reefs in Almirante Bay are damaged or unhealthy? OR Why do
you think that the reefs in Almirante Bay are healthy and thriving? (Pending response to
#3)
a. ¿Por qué cree que los corales en Bahía Almirante están en mala condición y
malsanos?
b. ¿Por qué cree que los corales en Bahía Almirante están en buena condición y
saludables?
5. Are you a local or a tourist visiting the area?
a. ¿Ud. es turista o vive aquí?

